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In this paper we show how the string landscape can be constrained using observational data.
We illustrate this idea by focusing on Fibre Inflation which is a promising class of string infla-
tionary models in type IIB flux compactifications. We determine the values of the microscopic
flux-dependent parameters which yield the best fit to the most recent cosmological datasets.
I. INTRODUCTION
String theory is often said to be decoupled from ex-
periments. However, similarly to quantum field theory,
string theory is a framework rather than a model. There-
fore it is more sensible to talk about testing a particular
model built following the rules of string theory, rather
than talking about testing string theory per se.
Continuing the analogy with QFT, it is however true
that features like the existence of antiparticles are com-
mon to all models which can be built in QFT. From the
string theory point of view, the generic prediction is the
existence of extended fundamental objects. However, due
to the technical difficulty to perform experiments at en-
ergies close to the string scale, this ubiquitous prediction
of string theory is presently untestable. Nonetheless we
can build 4D string models and try to confront them with
observations, as it is done in standard QFT with models
like the Standard Model or generalisations thereof.
4D string models are characterised by interesting cor-
relations between different observables which originate
from the underlying UV consistency of the theory. These
correlations can be used to compare the predictions of
each 4D string model to observational data in a very ef-
ficient way, resulting in the possibility to rule out very
large portions of the string landscape.
In this paper we illustrate this idea by focusing on a
class of string inflationary models called Fibre Inflation.
This class of models is particularly promising since it
features a landscape of examples within the framework
of type IIB Large Volume flux compactifications. Each
Fibre Inflation model is characterised by a different un-
derlying choice of discrete microscopic parameters like
bulk background 3-form fluxes and gauge 2-form fluxes
on D-branes. Moreover, these models are ready to be
compared with observational data since they include in-
flation with moduli stabilisation, consistent Calabi-Yau
constructions with chiral matter and a detailed under-
standing of the reheating process.
In this paper we confront therefore Fibre Inflation
with the most recent cosmological observations includ-
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† eleonora.divalentino@manchester.ac.uk
ing data from Planck, local measurements of the Hub-
ble constant, Baryon Acoustic Oscillation, the Dark En-
ergy Survey and CMB lensing. In doing so, we find
the model in the Fibre Inflation landscape which gives
the best fit to these cosmological datasets. Consider-
ing Planck 2018 temperature and polarisation data only,
the bounds for the main cosmological observables at 68%
CL become ns = 0.9696+0.0010−0.0026 and r = 0.00731
+0.00026
−0.00072
together with a number of effective relativistic species
Neff = 3.062
+0.004
−0.015. These predictions, in turn, constrain
the microscopic flux-dependent parameters.
This paper is organised as follows. In Sec. II we briefly
review the main features of Fibre Inflation models while
in Sec. III we describe the methodology of our analy-
sis. Our results are presented in Sec. IV and in Sec. V
they are translated into bounds on the microscopic flux-
dependent parameters. Finally in Sec. VI we discuss our
results and present our conclusions.
II. FIBRE INFLATION MODELS: A BRIEF
OVERVIEW
Fibre Inflation (FI) is a class of string inflationary mod-
els built within the framework of type IIB Large Volume
Scenarios [1, 2]. Its name comes from the fact that the
inflaton is a Kähler modulus which controls the size of a
K3 or T4 divisor fibred over a P1 base.
In the original model the inflationary potential is gen-
erated by a combination of 1-loop open string correc-
tions [3]. However subsequent examples of FI mod-
els have been constructed by exploiting different com-
binations of perturbative corrections to the effective ac-
tion [4, 5]. This class of models originates very natu-
rally due to the presence of an effective shift symme-
try which protects the flatness of the inflationary poten-
tial [6, 7]. Moreover FI models are not just at the level
of a string-inspired 4D supergravity since in [8–10] they
have been embedded into globally consistent Calabi-Yau
orientifolds with a chiral brane set-up and moduli stabil-
isation.
FI models have a behaviour similar to Starobinsky in-
flation [11] and supergravity α-attractors [12, 13]. In
fact, their potential features a trans-Planckian plateau
which steepens at large inflaton field values due to higher
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2derivative or loop corrections that can be responsible
for a CMB power loss at large angular scales [14–16].
The inflaton field range is constrained also by geometri-
cal bounds [17] but in generic FI models it is around 5
in Planck units. This inflaton excursion yields primor-
dial gravity waves at the edge of detectability since the
tensor-to-scalar ratio is of order 0.007 . r . 0.01.
The exact prediction for the amplitude of the primor-
dial tensor modes needs a proper understanding of the
post-inflationary evolution of these models. Relatively
recently, ref. [18] found that preheating effects can be
neglected in FI models and ref. [19, 20] performed a de-
tailed analysis of perturbative reheating finding that the
inflaton decay can produce a thermal bath with an ini-
tial temperature which is below the maximal one derived
from requiring that finite-temperature corrections to the
inflationary potential do not induce a decompactification
limit [21]. Moreover the inflaton decay tends to produce,
on top of ordinary particles, also hidden sector degrees
of freedom like ultra-light bulk axions [20] which behave
as extra dark radiation parameterised by ∆Neff .
From the phenomenological point of view, it is very
interesting to notice that values of ∆Neff ' 0 correlate
with values of r ' 0.007 and no CMB power loss at large
angular scales, while values of ∆Neff ' 0.5 correlate with
values of r ' 0.01 and a low-` CMB power loss. From
the theoretical point of view, different values of ∆Neff
and r correspond to different choices for the underlying
UV parameters. In this paper we will confront FI models
with cosmological observations and see which values of
∆Neff and r give the best fit to actual data. This will
allow us to constrain the values of the stringy parameters
and to judge the naturalness of these models from the
theoretical point of view.
A. Inflationary potential and observables
All FI models feature a qualitatively similar shape of
the inflationary potential. Without loss of generality, we
therefore focus on the potential of the original model [3]
which looks like (where Mp is the reduced Planck mass
Mp =
1√
8piG
' 2.4 · 1018 GeV):
V (φ) = V0M
4
p U(φ) (1)
with:
U(φ) = 3− 4 e−
φ
Mp
√
3 + e
− 4φ
Mp
√
3 +R
(
e
2φ
Mp
√
3 − 1
)
(2)
where V0 and R are two independent parameters which
depend on different combinations of the microscopic pa-
rameters. In the regime where the effective field theory
is under control both V0  1 and R  1. Fig. 1 shows
the potential (2) for different values of R.
The expression for the number of efoldings Ne as a
function of the point of horizon exit in field space φ∗
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FIG. 1. Inflationary potential in Planck units for different
values of R setting V0 = 1. The plot shows also the end point
of inflation.
cannot be solved analytically. Following [20], we there-
fore consider a simplified case where an approximated
analytical solution can be provided.
The scalar spectral index takes the form:
ns(Ne, R) = 1− 8
9
C − 16
9
C2 (1 +D)
(
1 +
R
2
e
√
3φ∗
Mp
)2
,
(3)
where:
D = D(φ∗, R) =
∞∑
n=1
(n+ 1)Rne
n
√
3φ∗
Mp
C = C(φ∗, R) = e
− φ∗
Mp
√
3 −Re
2φ∗
Mp
√
3
φ∗ = φ∗(Ne, R) =
√
3Mp ln
{
f +
4
3
ln f
− 1
3
∞∑
n=1
(−1)n
[
3
3n+ 1
(
f1+3n − e 1√3+n
√
3
)
− 2
n
(
f3n − en
√
3
)](R
2
)n}
f = f(Ne) =
4
9
Ne + e
1√
3 − 4
3
√
3
.
The tensor-to-scalar ratio is given by:
r(Ne, R) = 6 (ns − 1)2 (1 +D)
(
1 +
R
2
e
√
3φ∗
Mp
)2
, (4)
while the scalar power spectrum reads:
P (k) = As
(
k
k∗
)ns−1
, (5)
with k∗ = 0.05 Mpc−1 and:
As = As(Ne, R, V0) =
V (φ = φ∗)
24pi2M4p 
, (6)
3where:
(φ∗, R) =
8
27
C2 (1 +D)
(
1 +
R
2
e
√
3φ∗
Mp
)2
. (7)
Fig. 2 shows ns and r as functions of Ne for R = 2.7 ·
10−5 (blue lines) and R = 0 (red lines). The red line
represents the case where the positive exponential in (2)
is negligible throughout the whole inflationary dynamics.
Notice that, for the same value of Ne, the red line gives
smaller ns and r. In particular, for the red line, ns cannot
be larger than about 0.97 for Ne . 65.
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FIG. 2. ns and r as functions of Ne for R = 2.7 · 10−5 (blue
lines) and R = 0 (red lines).
Fig. 3 shows instead r versus ns for two different
values of R. The green curve represents the relation
r = 6(ns− 1)2 which is a good approximation for R = 0.
Interestingly, values of R of order R = 2.3 · 10−6 agree
with the green curve rather well while for R = 2.7 · 10−5
already the relation r = 6(ns − 1)2 is violated.
B. Number of efoldings, reheating and dark
radiation
After the end of inflation the inflaton oscillates around
the minimum and behaves as non-relativistic matter.
Hence reheating is characterised by an equation of state
p = wrhρ with wrh = 0. Moreover the inflationary energy
scaleM4inf = V (φ = φ∗) turns out to be around the GUT
scale. Thus Ne can be written in terms of the reheating
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FIG. 3. r as a function of ns for two different values of R
(red and blue lines). The green curve represents the relation
r = 6(ns − 1)2.
temperature Trh as:
Ne ' 58− 1
3
ln
(
Mp
Trh
)
. (8)
In turn, the reheating temperature can be written as:
Trh = 3 γ · 1010 GeV , (9)
where γ is a parameter independent from V0 and R which
controls the branching ratios for the inflaton decay into
different visible and hidden sector degrees of freedom [20].
This gives:
Ne = 52 +
1
3
ln γ . (10)
Plugging this value in (3), (4) and (6), the cosmologi-
cal observables become functions of the underlying pa-
rameters γ, R and V0: ns = ns(γ,R), r = r(γ,R) and
As = As(γ,R, V0). In Fig. 4 we show how these param-
eters γ, R and V0 affect the CMB temperature power
spectra. Therefore they can be constrained by the re-
quirement of matching Planck data which however de-
pend on the number of extra neutrino-like species ∆Neff
that in this model is given by:
∆Neff =
0.6
γ2
, (11)
As studied in [20], the main inflaton decay channels
are into Standard Model gauge bosons and hidden sector
ultra-light axions. In the data analysis which we will
present in Sec. IV, we will focus on the following three
different ranges for γ:
1. 1 < γ ≤ 20 corresponds to the case where the
branching ratio for the inflaton decay into hidden
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FIG. 4. Theoretical variation of the temperature power spec-
trum obtained by varying the microscopic parameters of FI
models: R, V0 and γ. R (top panel) affects the temperature
power spectrum increasing the amplitude of the peaks when
decreasing. V0 (middle panel) does exactly the opposite, in-
creasing the amplitude of the peaks when increasing. Finally,
γ (bottom panel) suppresses the amplitude of the low multi-
pole range when increasing.
axions is suppressed by a non-zero gauge flux on the
D7-brane stack wrapped around the inflaton divi-
sor which realizes the Standard Model. Therefore
in this case ∆Neff is negligibly small. The upper
bound γ ≤ 20 can be easily derived by combining
moduli stabilisation with two requirements: (i) a
correct matching of the observed value of the den-
sity perturbations, and (ii) an effective field theory
which remains in the controlled regime where per-
turbation theory does not break down. See App. A
for technical details.
2. γ = 1 corresponds to the case where the branching
ratio for the inflaton decay into hidden axions is
maximized due to the fact that the gauge flux on
the Standard Model D7-branes is vanishing. In this
case ∆Neff = 0.6.
3. 0 < γ < 1 corresponds to the case where the
amount of extra dark radiation gets further in-
creased by the model-dependent presence of addi-
tional inflaton decay channels into hidden sector
degrees of freedom like for example hidden gauge
bosons living on D7-branes wrapped around the di-
visor containing the P1 base of the fibration.
Ref. [20] pointed out that there are two qualitatively
different regimes:
• Small extra dark radiation: If γ & 2, ∆Neff .
0.1 which requires a spectral index centered around
ns ' 0.965 [22]. As can be seen from Fig. 2 and 3,
this can be achieved if R  2.7 · 10−5 (notice that
from the microscopic point of view, no fine-tuning
is involved to get such a small value of R). In this
case horizon exit takes place in the plateau region
where r ' 0.007. An explicit example presented in
[20] is:
R = 1.78 · 10−7 V0 = 7.78 · 10−11 γ = 3.316 ,
which gives φend = 0.917Mp where (φend) = 1 and
φ∗ = 5.801Mp where Ne(φ∗) = 52 and:
∆Neff ' 0.05 ns = 0.965 r = 0.0065 .
• Large extra dark radiation: For γ ' 1, the
amount of extra dark radiation is larger since
∆Neff . 0.5. Ref. [20] used 2015 Planck data
to infer that such a large value of ∆Neff requires
a spectral index centered around ns ' 0.99 [23].
As shown in Fig. 2 and 3, this is possible if
R & 2.7 · 10−5. In this case the potential is steeper
close to horizon exit, and so r ' 0.01. An explicit
example presented in [20] is:
R = 2.76 · 10−5 V0 = 1.24 · 10−10 γ = 1.268 ,
which gives φend = 0.918Mp where (φend) = 1 and
φ∗ = 5.945Mp where Ne(φ∗) = 52 and:
∆Neff ' 0.37 ns = 0.99 r = 0.01 .
5However, more recent 2018 Planck data including
lowE polarization data [22] give a strong lower con-
straints on the optical depth τ than 2015 Planck
measurements. For this reason, and thanks to the
positive correlation with Neff and ns, both the ex-
tra dark radiation component ∆Neff and the spec-
tral index ns will have lower mean values. In fact,
as we shall see in our analysis in Sec. IV, when
γ ' 1, the central value of the spectral index
raises to ns ' 0.973 but not more. In turn this
gives a tensor-to-scalar ratio of order r ' 0.0085
which requires values of R slightly smaller than
R & 2.7 · 10−5.
III. METHODOLOGY
To analyse the effect of the FI scenario on the con-
straints on the cosmological parameters, we consider
some of the most recent cosmological datasets, listed be-
low:
• Planck: we make use as a baseline of the Planck
2018 temperature and polarization CMB angular
power spectra plikTTTEEE+lowl+lowE [22, 24].
• R19: we assume a gaussian prior on the Hubble
constant H0 as obtained from the SH0ES collabo-
ration in [25], i.e. H0 = 74.03 ± 1.42 (km/s)/Mpc
at 68% CL.
• BAO: we consider the Baryon Acoustic Oscillation
data from the same compilation adopted in [22],
composed of the 6dFGS [26], SDSS MGS [27], and
BOSS DR12 [28] data.
• DES: we add the 3× 2pt analysis of the first-year
of the Dark Energy Survey measurements [29–31],
as used in [22].
• lensing: we use the 2018 CMB lensing reconstruc-
tion power spectrum as obtained from the CMB
trispectrum analysis [32].
• Pantheon: we consider the luminosity distance
measurements of 1048 type Ia Supernovae from the
Pantheon catalog [33].
We consider as a baseline a 7-dimensional parameter
space described by: the baryon and cold dark matter
energy densities Ωbh2 and Ωch2, the ratio of the sound
horizon at decoupling to the angular diameter distance
to last scattering 100θMC , the optical depth to reioniza-
tion τ , and three combinations of microscopic parameters
characterising FI models: γ, R and V0. We impose flat
uniform priors on these parameters, as showed in Table I,
where we distinguish three different cases, depending on
the range of γ. In our analysis the amplitude and the
spectral index of the primordial scalar perturbations As
Parameter prior prior prior
Ωbh
2 [0.005, 0.1] [0.005, 0.1] [0.005, 0.1]
Ωch
2 [0.001, 0.99] [0.001, 0.99] [0.001, 0.99]
τ [0.01, 0.8] [0.01, 0.8] [0.01, 0.8]
100θMC [0.5, 10] [0.5, 10] [0.5, 10]
γ [0, 1] = 1 [1, 20]
R [0, 10−5] [0, 10−5] [0, 10−5]
1011V0 [1, 10] [1, 10] [1, 10]
TABLE I. Flat priors on the cosmological parameters assumed
in this work.
and ns, as well as the effective number of relativistic de-
grees of freedom Neff and the tensor-to-scalar ratio r are,
instead, derived parameters, obtained by using eqs. (6),
(3), (4) and (11) respectively. In order to do this com-
putation, we stop the series used in the code at n = 65,
after checking that the changes on the parameters for a
larger number were below the numerical sensitivity of the
code.
In order to extract the posterior distribution of these
cosmological parameters, we use our modified version of
the publicly available Monte-Carlo Markov Chain pack-
age CosmoMC [34], with a convergence diagnostic based on
the Gelman and Rubin statistics [35], that implements
an efficient sampling of the posterior distribution using
the fast/slow parameter decorrelations [36], and includes
the support for the 2018 Planck data release [24] (see
http://cosmologist.info/cosmomc/).
IV. RESULTS
In this section we show and discuss the results for the
three different ranges of γ.
A. 0 < γ < 1
In Table II we report the constraints at 68% CL for
the independent cosmological parameters of the FI model
with 0 < γ < 1 (above the horizontal line), and for
some derived ones (below the horizontal line), making use
of several combination of present cosmological probes.
Moreover, in Fig. 5 we show a triangular plot, i.e. the
1D posterior distributions and 2D contour plots for some
interesting parameters of the FI model with 0 < γ < 1.
If we compare now our results obtained for Planck
alone (first column of Table II) with those obtained in a
ΛCDM model for the same dataset, we see a shift of most
of the cosmological parameters. In particular, we have
that in FI models with 0 < γ < 1 both Ωbh2 and Ωch2
move towards larger values at many standard deviations,
while θ shifts down. In our model, the amplitude and the
spectral index of the primordial scalar perturbations As
and ns, as well as the effective number of relativistic de-
grees of freedom Neff and the tensor-to-scalar ratio r are
6computed by using eqs. (6), (3), (4) and (11) respectively,
and the constraints obtained for the free parameters γ,
R and V0. This is the reason why we have a strong pre-
diction for r = 0.00846+0.00045−0.00011 at 68% CL different from
zero, both As and ns larger than the ΛCDM scenario, and
an Neff > 3.046 at many sigmas. Regarding the parame-
ters of FI models, we find at 68% CL and for Planck alone
γ > 0.974, R > 7.86×10−6 and V0 = (7.69+0.31−0.15)×10−11.
An interesting feature is the possibility of increasing the
Hubble constant parameters due to the strong correla-
tion between Neff and H0. In fact, in this scenario H0
is estimated to be H0 = 70.12 ± 0.47 (km/s)/Mpc at
68% CL, alleviating below 3 standard deviations the very
well know 4.4σ tension between the Planck [22] and the
SH0ES [25] collaborations measurements of this param-
eter. Unfortunately, this scenario is disfavored by the
data that show a worsening of the χ2 of 17.87 with re-
spect to the ΛCDM model, even if our scenario has one
more degree of freedom.
If we now look at the other columns of the same Ta-
ble II, or the contour plots in Fig. 5, we see that our
results are very robust, showing minimal shifts in the cos-
mological parameters by combining Planck with other in-
dependent cosmological probes. In fact, the larger shifts
we can see on the cosmological parameters are for the
combination Planck+DES, that however keeps almost
unaltered the bounds on the cosmological parameters
characteristic of FI models.
B. γ = 1
In Table III we report the constraints at 68% CL for the
independent cosmological parameters of FI models with
γ = 1 (above the horizontal line), and for some derived
ones (below the horizontal line), making use of several
combinations of present cosmological probes. Moreover,
in Fig. 6 we show a triangular plot, i.e. the 1D posterior
distributions and 2D contour plots for some interesting
parameters of FI models with γ = 1.
Even in this γ = 1 case, if we compare our results
for Planck alone dataset (first column of Table III) with
those obtained in a ΛCDM model, we see almost the
same shift of the cosmological parameters we saw al-
ready in the 0 < γ < 1 case, because γ was consistent
with 1. For the very same reason, the constraints in FI
models with γ = 1 are very similar to those obtained
in the 0 < γ < 1 case. In fact, when γ = 1 we find
at 68% CL and for Planck alone that R > 7.70 × 10−6
and V0 = (7.66+0.33−0.15) × 10−11. Regarding the predic-
tion of the model, in this case γ = 1 which is equiv-
alent to Neff = 3.646 (see eq.(11)). Moreover, we find
r = 0.00842+0.00048−0.00011 at 68% CL different from zero, and
again both As and ns larger than in the ΛCDM scenario.
Even in this case, and because of the strong correlation
between Neff and H0, we have a large Hubble constant
parameter, H0 = 69.97 ± 0.46 (km/s)/Mpc at 68% CL,
relaxing the tension below 3 standard deviations. Unfor-
tunately, even this scenario is disfavored by the data since
they show a worsening of the χ2 of 16.41 with respect to
the ΛCDM model, for the same number of degrees of
freedom.
If we now look at the other cases of the same Table III,
and the plots in Fig. 6 showing Planck combined with the
other cosmological probes, we see again that our results
are almost unmodified, and the larger shifts are due to
the combination of Planck+DES data.
C. 1 < γ ≤ 20
Finally, in Table IV we report the bounds at 68% CL
for the independent cosmological parameters of FI mod-
els with 1 < γ ≤ 20 (above the horizontal line), and for
some derived ones (below the horizontal line), combin-
ing different present cosmological probes. Moreover, in
Fig. 7 we show a triangular plot, comprising 1D posterior
distributions and 2D contour plots for some interesting
parameters of FI models with 1 < γ ≤ 20.
In this 1 < γ ≤ 20 case, if we compare our results ob-
tained for Planck alone (first column of Table IV) with
those obtained in a ΛCDM model for the same dataset,
we see that most of the cosmological parameters are per-
fectly in agreement within a standard deviation, on the
contrary of the previous γ cases. Moreover, in this FI
scenario with 1 < γ ≤ 20, we find at 68% CL for Planck
alone γ > 7.41, and therefore Neff = 3.062+0.004−0.015 at
68% CL is here in agreement with its expected value
3.046 [37, 38]. In this case, instead of having a lower
limit for R as in the previous γ cases, we find an upper
limit R < 4.80 × 10−6 at 68% CL, while V0 shifts too
towards lower values V0 = (6.76+0.25−0.49) × 10−11 at 68%
CL because of the positive correlation between these two
parameters, as we can see in Fig. 7. Even in this FI sce-
nario with 1 < γ ≤ 20 we have a strong prediction for
r = 0.00731+0.00026−0.00072 at 68% CL different from zero, while
both As and ns are consistent with the constraints ob-
tained in a ΛCDM scenario. The possibility of increasing
the Hubble constant parameters because of the correla-
tion between Neff and H0 is lost in this case, because
Neff is in agreement with the standard expectation. In
fact, here we have H0 = 67.82 ± 0.47 (km/s)/Mpc at
68% CL, shifted one sigma towards a larger value, but
still at 4.1σ tension with the R19 estimate [25]. FI mod-
els with 1 < γ ≤ 20 are the most favored by the data
between those explored in this work, worsening the χ2 of
0.39 with respect to the ΛCDM model, having just one
more degree of freedom.
If we now look at the other cases of the same Table IV,
and the plots in Fig. 7 showing Planck combined with the
other cosmological probes, we see again that our results
are more dataset dependent than the other γ cases we
7Parameters Planck Planck Planck Planck Planck Planck
+R19 +BAO +DES +lensing + Pantheon
Ωbh
2 0.02260± 0.00013 0.02267± 0.00013 0.02264± 0.00012 0.02273± 0.00013 0.02263± 0.00013 0.02261± 0.00013
Ωch
2 0.1320+0.0011−0.0013 0.1313
+0.0010
−0.0013 0.1313
+0.0009
−0.0010 0.1297± 0.0010 0.1314+0.0010−0.0011 0.1318+0.0010−0.0012
100θMC 1.03944± 0.00030 1.03953± 0.00029 1.03951± 0.00029 1.03962± 0.00029 1.03948± 0.00030 1.03945± 0.00030
τ 0.0526± 0.0072 0.0534± 0.0075 0.0526± 0.0073 0.0484± 0.0077 0.0493± 0.0067 0.0524± 0.0072
γ > 0.974 > 0.971 > 0.976 > 0.980 > 0.976 > 0.975
106R > 7.86 > 8.32 > 8.22 > 8.41 > 8.00 > 7.94
1011V0 7.69
+0.31
−0.15 7.75
+0.26
−0.16 7.72
+0.27
−0.15 7.66
+0.25
−0.15 7.64
+0.29
−0.13 7.70
+0.30
−0.15
H0[(km/s)/Mpc] 70.12± 0.47 70.46± 0.43 70.38± 0.37 70.97± 0.41 70.32± 0.42 70.16± 0.45
σ8 0.8406± 0.0074 0.8388± 0.0076 0.8382± 0.0071 0.8282± 0.0068 0.8352± 0.0059 0.8400+0.0068−0.0076
S8 0.862± 0.014 0.855± 0.013 0.855± 0.011 0.834± 0.011 0.853± 0.011 0.861± 0.013
109As 2.149± 0.033 2.150± 0.034 2.146± 0.033 2.120± 0.033 2.130± 0.028 2.148± 0.033
ns 0.9724
+0.0014
−0.0003 0.9727
+0.0011
−0.0003 0.9726
+0.0011
−0.0002 0.97275
+0.00099
−0.00022 0.9725
+0.0013
−0.0003 0.9725
+0.0013
−0.0003
Neff 3.674
+0.005
−0.028 3.678
+0.007
−0.032 3.673
+0.004
−0.027 3.667
+0.004
−0.021 3.672
+0.005
−0.026 3.673
+0.008
−0.027
r 0.00846+0.00045−0.00011 0.00855
+0.00036
−0.00009 0.00853
+0.00038
−0.00009 0.00857
+0.00034
−0.00008 0.00849
+0.00042
−0.00010 0.00848
+0.00043
−0.00011
∆χ2bestfit +17.87
TABLE II. Observational constraints at 68% CL on the independent (above the line) and derived (below the line) cosmological
parameters of FI models with 0 < γ < 1, for the different combinations of data considered in this work. In the bottom line we
quote the difference in the best-fit χ2 values with respect to the ΛCDM case for the same Planck data.
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FIG. 5. One dimensional posterior distributions and two-dimensional joint contours at 68% and 95% CL for 0 < γ < 1, for the
different combinations of data considered in this work.
8Parameters Planck Planck Planck Planck Planck Planck
+R19 +BAO +DES +lensing + Pantheon
Ωbh
2 0.02259± 0.00013 0.02266± 0.00013 0.02264± 0.00013 0.02274± 0.00013 0.02262± 0.00013 0.02261± 0.00013
Ωch
2 0.1315± 0.0011 0.1306± 0.0010 0.13073± 0.00087 0.12928± 0.00088 0.13085± 0.00098 0.1312± 0.0010
100θMC 1.03950± 0.00029 1.03960± 0.00029 1.03959± 0.00028 1.03967± 0.00028 1.03955± 0.00030 1.03952± 0.00029
τ 0.0522± 0.0074 0.0531± 0.0073 0.0530± 0.0075 0.0490± 0.0075 0.0498± 0.0069 0.0526± 0.0073
106R > 7.70 > 7.99 > 8.08 > 8.47 > 7.87 > 7.93
1011V0 7.66
+0.33
−0.15 7.70
+0.29
−0.16 7.71
+0.28
−0.15 7.66
+0.25
−0.14 7.62
+0.31
−0.15 7.69
+0.30
−0.17
H0[(km/s)/Mpc] 69.97± 0.46 70.36± 0.43 70.30± 0.38 70.90± 0.39 70.23± 0.43 70.08± 0.42
σ8 0.8394± 0.0074 0.8368± 0.0073 0.8372± 0.0073 0.8276± 0.0067 0.8346± 0.0060 0.8388± 0.0073
S8 0.862± 0.014 0.852± 0.013 0.853± 0.012 0.833± 0.011 0.852± 0.011 0.859± 0.013
109As 2.146± 0.033 2.146+0.030−0.034 2.146± 0.034 2.121± 0.033 2.131± 0.030 2.146± 0.033
ns 0.9723
+0.0015
−0.0003 0.9725
+0.0013
−0.0003 0.9726
+0.0012
−0.0003 0.97277
+0.00098
−0.00019 0.9724
+0.0014
−0.0003 0.9725
+0.0013
−0.0003
r 0.00842+0.00048−0.00011 0.00849
+0.00042
−0.00011 0.00851
+0.00040
−0.00010 0.00858
+0.00033
−0.00007 0.00846
+0.00045
−0.00011 0.00848
+0.00043
−0.00011
∆χ2bestfit +16.41
TABLE III. Observational constraints at 68% CL on the independent (above the line) and derived (below the line) cosmological
parameters of FI models with γ = 1, for the different combinations of data considered in this work. In the bottom line we
quote the difference in the best-fit χ2 values with respect to the ΛCDM case for the same Planck data.
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FIG. 6. One dimensional posterior distributions and two-dimensional joint contours at 68% and 95% CL for γ = 1, for the
different combinations of data considered in this work.
9explored before. The only combinations that give similar
results to the Planck alone case are Planck+lensing and
Planck+Pantheon, while the other ones deserve a more
complete discussion.
In particular, in the Planck+R19 case, i.e. the third
column of Table IV, we are adding to the Planck data
a gaussian prior on H0 similar to R19, and this prior
is at 4.1σ tension with the Hubble constant estimated
by Planck alone. Hence we are combining datasets in
disagreement and the results are not completely reliable.
For this very same reason, we see one sigma shift of H0
in the R19 direction, and due to a positive correlation
with this parameter, we have also a one sigma shift of V0
towards higher values, i.e. V0 = (7.06+0.47−0.43) × 10−11 at
68% CL, and Neff larger than the expected value at more
that one standard deviation. Consequently we obtain
γ = 8.4+11−7.2 at 68% CL, instead of just a lower limit.
Moreover, due to the strong V0-R positive correlation,
we see that instead of an upper limit like in the Planck
alone case, we have now a lower limit for R > 4.13×10−6
at 68% CL.
If we now look at the Planck+BAO combination, i.e.
the fourth column of the same Table IV, we see that
the constraints on the cosmological parameters are very
similar to the ones obtained in the Planck alone case,
with the exception of γ that is now fully bounded at
68% CL, i.e. γ = 10.7+4.2−7.5. However, looking at the 1D
posterior distribution of γ in Fig. 7, we see that in the
Planck+BAO combination there is no actual peak that
can justify this bound.
Finally, in the Planck+DES case, as in the other γ sce-
narios, S8 is shifted towards lower values, more in agree-
ment with the cosmic shear findings, and consequently
H0 moves towards slightly larger values due to their neg-
ative correlation, as we can see in Fig. 7.
V. BOUNDS ON MICROSCOPIC
PARAMETERS
In this section we shall follow the notation of [20] and
translate the bounds on γ, R and V0 into bounds on the
microscopic parameters of the FI landscape which depend
on discrete 3-form bulk fluxes and 2-form brane fluxes.
FI models are characterised by the following micro-
scopic parameters:
• 2 topological properties which depend on the choice
of the underlying Calabi-Yau manifold: the Calabi-
Yau Euler number ξ which is expected to be of
order unity and the intersection number k122 which
takes in general O(1 − 10) values, and so we shall
set k122 = 5.
• 1 discrete quantity which depends on the number
N of D7-branes wrapped around the blow-up cy-
cle which supports non-perturbative effects. N is
constrained by tadpole cancellation, and in general
one obtains O(1− 10) values.
• 6 discrete parameters which are functions of either
the dilaton or complex structure moduli, and so de-
pend on the choice of 3-form background fluxes: the
string coupling gs, the value of the tree-level super-
potential W0, the prefactor of non-perturbative ef-
fects A3 and 3 coefficients of string loop corrections
to the Kähler potential cKK1 , cKK2 and cW. Natural
values of these last 3 quantities are expected to be
in the range between 0.1 and 10. In what follows
we shall therefore set cKK1 = cW = 4 and cKK2 = 0.1.
• 1 discrete quantity n2 which determines the quan-
tised 2-form gauge flux on the worldvolume of the
D7-branes wrapped around the fibre divisor which
realise the visible sector.
Notice that the 3 microscopic parameters ξ, N and A3
enter only in the determination of the extra-dimensional
volume V. Hence in our analysis, we shall trade ξ, A3
and N for the single parameter V.
The 3 underlying parameters γ, R and V0 are functions
of the 4 microscopic parameters which we left over as free:
γ = γ(gs,W0,V, n2), R = R(gs), V0 = V0(gs,W0,V).
We can therefore constrain gs, W0, V and n2 by using
the observational constraints on γ, R and V0 obtained
in Sec. IV, supplemented with the phenomenological re-
quirement αvis = αvis(gs,W0,V, n2) = 1/25.
Moreover, notice that γ can be written as in (A2)
where τ1 depends on gs and V. Hence we can consider
αvis = αvis(gs,W0,V, n2) = 1/25 as a constraint which
gives n2 once gs,W0 and V have already been bounded by
using the results of Sec. IV with γ = γ(gs,V), R = R(gs)
and V0 = V0(gs,W0,V).
We shall focus on the case with 1 < γ ≤ 20 since this
is the one which is statistically favoured by observations,
and consider Planck data alone. Our results are displaced
in Fig. 8 for the (V, gs)-parameter space. The yellow re-
gion corresponds to γ > 7.41 and R < 4.8 × 10−6, the
two blue and red lines correspond to the upper and lower
bounds on V0 at 68% CL for W0 = 150 and W0 = 300 re-
spectively, whereas the green and black lines correspond
to α−1vis = 25 for n2 = 2 and n2 = 3 respectively.
Notice that the comparison with cosmological observa-
tions constrains the discrete gauge flux parameter n2 very
well since the curve corresponding to α−1vis = 25 intersects
the yellow region only for n2 = 2 and n2 = 3. Given that
W0 is upper bounded by tadpole cancellation which gives
maximal value of order 500, we also realise that the string
coupling is forced to lie in the range 0.065 . gs . 0.125
and the Calabi-Yau volume 2500 . V . 9000.
VI. CONCLUSIONS
In this paper we showed that predictions from string
theory can indeed be put to the experimental test. In
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Parameters Planck Planck Planck Planck Planck Planck
+R19 +BAO +DES +lensing + Pantheon
Ωbh
2 0.02244± 0.00014 0.02256± 0.00014 0.02246± 0.00013 0.02254± 0.00014 0.02244± 0.00014 0.02245± 0.00014
Ωch
2 0.1194+0.0010−0.0012 0.1189
+0.0009
−0.0022 0.1191
+0.0009
−0.0010 0.11794± 0.00095 0.1195+0.0010−0.0011 0.1193+0.0010−0.0012
100θMC 1.04098± 0.00030 1.04105+0.00040−0.00032 1.04101± 0.00029 1.04111± 0.00029 1.04096± 0.00030 1.04098+0.00032−0.00028
τ 0.0563± 0.0079 0.0576+0.0071−0.0085 0.0567+0.0070−0.0082 0.0549± 0.0075 0.0565± 0.0072 0.0561± 0.0078
γ > 7.41 8.4+11−7.2 10.7
+4.2
−7.5 > 8.31 > 7.56 > 7.37
106R < 4.80 > 4.13 < 5.07 unconstr. < 4.51 < 5.02
1011V0 6.76
+0.25
−0.49 7.06
+0.47
−0.43 6.79
+0.28
−0.49 6.88
+0.39
−0.48 6.73
+0.24
−0.47 6.78
+0.27
−0.50
H0[(km/s)/Mpc] 67.82± 0.47 68.56+0.46−0.57 67.95± 0.40 68.44± 0.41 67.80+0.41−0.46 67.89+0.44−0.50
σ8 0.8110± 0.0076 0.8090+0.0079−0.0089 0.8102± 0.0073 0.8034± 0.0065 0.8115± 0.0061 0.8107± 0.0076
S8 0.824± 0.013 0.812± 0.014 0.821± 0.012 0.805± 0.011 0.825± 0.011 0.823± 0.013
109As 2.105± 0.035 2.110+0.033−0.037 2.106+0.032−0.036 2.092± 0.032 2.107± 0.030 2.105+0.032−0.036
ns 0.9696
+0.0010
−0.0026 0.9709
+0.0028
−0.0015 0.9698
+0.0012
−0.0026 0.9705
+0.0019
−0.0026 0.9695
+0.0010
−0.0025 0.9697
+0.0011
−0.0026
Neff 3.062
+0.004
−0.015 3.098
+0.004
−0.054 3.062
+0.004
−0.015 3.059
+0.003
−0.012 3.063
+0.005
−0.016 3.064
+0.006
−0.018
r 0.00731+0.00026−0.00072 0.00774
+0.00076
−0.00060 0.00735
+0.00030
−0.00073 0.00756
+0.00046
−0.00083 0.00726
+0.00025
−0.00067 0.00734
+0.00029
−0.00074
∆χ2bestfit +0.39
TABLE IV. Observational constraints at 68% CL on the independent (above the line) and derived (below the line) cosmological
parameters of FI models with 1 < γ ≤ 20, for the different combinations of data considered in this work. In the bottom line
we quote the difference in the best-fit χ2 values with respect to the ΛCDM case for the same Planck data.
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FIG. 7. One dimensional posterior distributions and two-dimensional joint contours at 68% and 95% CL for 1 < γ ≤ 20, for
the different combinations of data considered in this work.
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FIG. 8. Phenomenological bounds on the microscopic param-
eters V and gs for γ in [1, 20] and Planck data alone. The
yellow region corresponds to γ > 7.41 and R < 4.8 × 10−6.
The two blue and red lines correspond to the upper and lower
bounds on V0 at 68% CL for W0 = 150 and W0 = 300. The
green and black lines correspond to α−1vis = 25 for n2 = 2 and
n2 = 3.
particular we focused on Fibre Inflation which is a class
of type IIB string inflationary models that feature an un-
derlying landscape of microscopic flux-dependent param-
eters. Similar studies in string cosmology have also been
performed in [39, 40] using however a different method-
ology.
FI models have been studied in great detail, determin-
ing not just the inflationary dynamics but also the post-
inflationary evolution including reheating and the poten-
tial production of extra neutrino-like species. Thanks to
this detailed analysis, these models are ready to be con-
fronted with observations.
In our analysis we included several recent cosmological
data coming from Planck, direct measurements of H0,
BAO, DES, CMB lensing and Pantheon. We focused on
a 7-dimensional baseline space described by the standard
parameters Ωbh2, Ωch2, 100θMC and τ , with in addition
3 combinations of microscopic parameters γ, R and V0
which characterise Fibre Inflation. After imposing flat
priors on each of these parameters, we derived bounds
on As, ns, r and Neff for different ranges of γ.
We found that the range of γ which gives the best fit
to these recent cosmological data is 1 < γ ≤ 20. In
particular, for Planck data alone we find at 68% CL γ >
7.41, R < 4.80 × 10−6 and 1011 V0 = 6.76+0.25−0.49 together
with ns = 0.9696+0.0010−0.0026, Neff = 3.062
+0.004
−0.015 and r =
0.00731+0.00026−0.00072. The prediction for the tensor-to-scalar
ratio is particularly promising since it might be tested by
the next generation of cosmological observations.
From the microscopical point of view, this implies that
the models in the Fibre Inflation landscape which are
statistically favoured by cosmological data are the ones
leading to the case small extra dark radiation of Sec. II B.
In this case horizon exit takes place in the plateau far
away from the exponential steepening of the potential, so
leading to no power loss at large angular scales. Moreover
Neff is very close to the Standard Model values, implying
that the inflaton decay into bulk ultra-light axions has to
be suppressed by the presence of a non-zero gauge on the
D7-brane stack wrapped around the fibre divisor which
realises the visible sector.
In Sec. V we finally translated the previous bounds into
constraints on the microscopic flux dependent quantities,
showing how agreement with cosmological observations
forces the string coupling to lie in the range 0.065 . gs .
0.125 and the Calabi-Yau volume in 2500 . V . 9000.
Let us stress again that this analysis illustrates how
large portions of the string landscape can be ruled out
by comparison with observations, in particular thanks
to the presence in string models of correlations between
different theoretical and phenomenological features. A
crucial correlation, which could constrain further the pa-
rameter space of these 4D string models and which we
did not take into account in this analysis, is the connec-
tion with particle physics predictions like those concern-
ing supersymmetry and the QCD axion. We leave this
investigation for future work.
Let us finally mention that several ‘swampland con-
jectures’ have been recently proposed based on different
quantum gravity arguments [41]. According to these con-
jectures, models of inflation from string theory lack con-
trol over the effective field theory, and so are incompatible
with quantum gravity. However at the moment this issue
is far from being settled and it is the subject of a lively
debate. A recent critical discussion of progress and open
issues in controlling perturbative and non-perturbative
corrections in string compactifications can for example
be found in [42].
Focusing in particular on Fibre Inflation, these models
have been shown to be embeddable in Calabi-Yau com-
pactifications built as hypersurfaces in toric varieties with
an explicit orientifold involution and a chiral brane setup
which satisfies global consistency requirements like tad-
pole cancellation [8–10]. These compactifications have
also all the required higher-dimensional features to give
rise to the desired corrections to the low-energy effective
action which stabilise the moduli and generate the infla-
tion potential given in (2). Moreover so far no quantum
correction to the inflationary potential has been found
which could destroy Fibre Inflation. Hence these models
seem to be counter-examples to swampland conjectures.
However in order to provide a final answer to this cru-
cial open issue, one should be able to perform a system-
atic analysis of all possible α′ and gs corrections to the
4D effective action which is at present a hard technical
problem. A step forward towards achieving this goal has
been recently performed in [43] where the authors tried
to classify all possible perturbative corrections to the ef-
fective action of string compactification by using approx-
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imate symmetries like supersymmetry, scale invariance
and shift symmetries.
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Appendix A: Upper bound on γ
In this appendix we shall again follow the notation of
[20] and estimate an upper bound on γ based on the
consistency of the underlying UV theory. The parameter
γ looks like:
γ = 2αvis〈τ1〉 (A1)
where αvis = g2/(4pi) gives the visible sector gauge cou-
pling while 〈τ1〉 is the value at the minimum of the Kähler
modulus whose real part controls the volume of the K3
or T4 divisor. This modulus is stabilised at:
〈τ1〉 = g4/3s λV2/3 (A2)
where gs is the string coupling, V is the Calabi-Yau vol-
ume in string units and λ is expressed in terms of the
coefficients of string loop corrections to the Kähler po-
tential as (setting k122 = 5):
λ = 2 · 51/3
(
cKK1
)4/3
(cW)
2/3
(A3)
Hence γ becomes:
γ = 4 · 51/3 αvis
(
gs c
KK
1
)4/3( V
cW
)2/3
(A4)
We now impose the following phenomenological and the-
oretical consistency constraints:
1. A realistic GUT-like value of the gauge coupling:
α−1vis = 25
2. Effective field theory in the perturbative regime:
gs . 0.125
3. Correct amplitude of the density perturbations:
V . 104
4. Natural values of the coefficients of the string loop
corrections: cKK1 = cW = 4
Applying these constraints to (A4), we end up with the
following upper bound on γ:
γ . 20 . (A5)
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